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America, where approximately 14 000 patients were receiving ART in 2007 (2, 3) . Each country has its own criterion to enroll patients for ART as well as different procedures for follow-up. The detection of resistant mutants was initiated in Costa Rica during the year 2000; other countries in the region are in the process of implementation (1) .
Different guidelines and studies have established that determining the level of CD4 T cells and HIV viral load are the ideal criteria to enroll a patient in ART (4, 5) . However, in several developing countries both methods are not available because of the high cost; therefore, only CD4 count is used as the criterion for treatment initiation. In many patients, the basal viral load could be very high, which decreases the possibility of obtaining undetectable levels of virus after ART initiation, with a concomitant greater risk of viral relapse. This situation could also lead to increases in viral diversity because of enhanced replication as well as the possibility of recombination and the emergence of resistant mutants (6, 7) . In contrast, in developed countries most patients start treatment according to ideal criteria, which permit control of viral diversity and of the spread of HIV.
Genetic diversity and subtype determination are best done by sequencing the full-length genome. However, this procedure is very costly and time-consuming (8, 9) . Partial genomic sequencing with commercial kits allows us to determine resistant mutants of HIV (10) (11) (12) and provides an opportunity to analyze sequenced materials in order to study HIV variability and the possibility of detecting recombinants in different geographic areas using several software packages. Sequence analysis of env and pol together is a frequent choice for determining viral heterogeneity (13) (14) (15) (16) .
HIV genetic variability leads to quasispecies, which are formed as a result of the highly error-prone reverse transcriptase (RT) enzyme and the ability for RNA/DNA to recombine inside infected cells during retrotranscription and replication (6) (7) (8) . During genome replication, crossover recombination may occur ranging from three to nine times for each replication cycle, leading to intrasubtype recombinants (8, 9, 17, 18) .
A second type of recombination, known as intersubtype recombination, originates through the existence of different subtypes in cocirculation. There are at least 9 subtypes for HIV-1 and 43 circulating recombinant forms (CRFs) reported throughout the world as well as a large variety of equally important unique full-length recombinant forms that have been described. This diversity in the HIV-1 population allows variants to escape from host immunity and also has an impact on ART (6, 7, 9, (17) (18) (19) (20) (21) .
In Latin America, HIV-1 subtype B is predominant, but CRFs such as CRF12 recombinant BF have been described in Brazil, Argentina, Cuba, and Uruguay (8, 13, 16, 19, 22, 23) . In Costa Rica and other Central American countries, there are no reports describing the distribution of HIV-1 subtypes or recombinant forms. In a study with patients receiving treatment at Costa Rica's Social Security System (Caja Costarricense de Seguro Social, CCSS) where more than 90% of Costa Rica's HIV patients needing treatment receive it, it was determined that virologic failure (VF) in ART was due to HIV-resistant mutants, and the appearance of these mutants was related to lack of adherence to ART or high viral load at the initiation of treatment (12) .
We took advantage of the sequences available in Costa Rica to determine HIV-1 variability in the country and to analyze the material with existing software. These results have provided useful information for better management of patients and improved intervention policies.
MATERIALS AND METHODS

Study population
A total of 113 samples from patients infected with HIV were collected between 1997 and 2004 at the CCSS in Costa Rica; 77 samples were from patients receiving highly active ART (HAART) with VF and 36 basal samples (BS) were from patients before starting treatment. VF was defined as an increase in viral load from < 50 copies/milliliter (mL) to ≥ 1 × 10 3 copies/mL in two consecutive samples in patients receiving HAART. A blood sample was collected from each patient (VF and BS) and the plasma was referred to the International Center of Medical Research and Training and kept frozen below -40 °C until analyzed. All 113 samples (VF and BS) were sequenced with a TruGene HIV-1 genotyping kit (Visible Genetics, Toronto, Ontario, Canada) to detect resistant mutants of HIV RT and protease (PR) (12) . Additionally, 22 samples from the VF patients were sequenced in the env region V3 loop.
A group of 68 HIV-infected individuals with HAART and without VF were used as controls; they were matched in age and period of treatment.
Data collection
Each patient signed a consent form and the following information was obtained from the patient's clinical record: sex, age, place of residence, risk behavior (men who have sex with men, heterosexual, intravenous drug users), occupation (professional, technical businessman, manual worker, housewife), infection acquired in Costa Rica (yes or no), number of sexual partners, sexual intercourse with or without a condom, baseline viral load, actual viral load in VF patients, adherence (good or bad; good adherence was defined as more than 90% compliance with the prescribed regimen), time under treatment, patient progression (good, VF, change of treatment), and number of previous treatment changes.
RNA extraction, RT-polymerase chain reaction (PCR), and sequencing RNA was extracted from 1 mL of previously centrifuged (23 500 × g for 1 h at 8 °C) plasma samples, using a silica gel system QIAamp viral RNA minikit (Qiagen Inc., Valencia, California, and Hamburg, Germany). RT-PCR of the pol gene of HIV was performed and then sequenced for both the RT and PR regions of interest with the TruGene HIV-1 genotyping kit (Visible Genetics, Atlanta, Georgia, United States of America) according to the manufacturer's instructions. Sequence analysis was performed with the Gene Open System and the VG Gene Librarian HIV Module, version 3.1.6 (Visible Genetics, Atlanta, Georgia, United States of America).
For the env region, a 325-nucleotide (nt) region spanning the V3 loop was amplified and sequenced. The primers were derived from HIV-1 strain HXB2 (outer primer bases 6953 to 6971, 5'-acagtacaatgtacacatgg-3', and bases 7749 to 7715, 5'-ccactcttctctttgccttggtggg-3'; inner primer bases 7006 to 7025, 5'-/Cy5/aaatggcagtctagcagaag-3', and bases 7336 to 7317 5'/ Cy5.5/aatttctgggtcccctcctg-3'). RT 
HIV-1 sequence analysis
All sequences obtained from the RT-PR and env genes were then used to determine the subtype, using database information from the following websites: National Center for Biotechnology Information (NCBI) Genotyping tool (15, 24) , REGA HIV subtyping tool (25) , and Stanford HIV-1 drug-resistance database (26). RT-PR sequences were analyzed using the RIP HIV sequence database tool (27) to confirm the presence of possible recombinants.
Sequence alignments were done with the BioEdit program (28) and phylogenetic and molecular evolutionary analyses were conducted using MEGA version 4 (29) and the PhyML HIV sequence database tool (30) .
Statistical analysis
Analysis of different variables was carried out using SPSS software. The chi-square test with α < 0.05 was defined as significant. A logistic regression analysis was used to identify which variables were associated with VF and sequence variability.
RESULTS
The patients in this study were predominantly males (> 80%): 60.0% in the BS group and 74.1% in the VF group; 61.0% of the patients in the control group were men who had sex with men. In all groups, more than 80% of the participants were less than 50 years old, most lived in San José-the capital of Costa Rica-and half of the population were manual workers (housewives included); fewer than 23% were professionals. Good adherence was determined in only 13.6% of the VF group versus 98% in the control group (P < 0.001). In 53 patients, 23 (43.4%) have been in treatment more than 2 years, 9 of them for more than 5 years (Table 1) . Of the 45 patients for whom information was available, 10 (22.2%) were infected outside of Costa Rica, half of them showed variability in their sequences without significant association, 23 had between two and five sexual partners, and 22 had more than five sexual partners. Only 14 of 33 patients (42.4%) used condoms in sexual intercourse regularly.
In 71 of the total patients analyzed, where the therapy scheme could be evaluated, 87.4% had two or more treatment changes, and only 22.5% had good adherence according to the physicians' evaluation. No significant difference was found between the number of changes of treatment and increases in sequence variability.
Analysis of pol gene sequences was performed using three different programs: Genotyping (24), REGA HIV subtyping tool (25) , and the Stanford HIV-1 drug-resistance database (26) ( Table 2) . As there were some differences with the analysis using Genotyping programs, and those using pure references or pure plus CRF references (Figure 1 ), it was decided to perform the analysis using only the pure sequences. There are different proportions of B subtypes in BS and VF samples with both programs. Variation was detected in the sequences as follows: 27 (75.0%) and 30 (83.3%) BS and 51 (66.2%) and 58 (75.3%) VF samples were classified as B pure subtype by Genotyping and REGA, respectively. In BS and VF samples, the most frequent variable noted is an association with CRF12 (BF) in 13.8% and 11.7% of the sequences, respectively, using the Genotyping program. Figure 1 shows the variability found at the 3' and 5' ends of a sample with this program, using the CRF references; however, only the 5' variability was confirmed using the pure reference sequences. In the REGA analysis, this sample showed a 5' end matching with F1, a low bootstrap between 600 and 800 nt, and a best matching with subtype B at the 3' end.
The REGA program showed possible recombination with the D subtype as the most frequent in all the analyzed samples (18.6%) (13.8% in BS and 20.7% in VF) ( Table 2 ). This variation was also detected by the Genotyping program in 10% of VF samples, but none of these values showed any significant difference between the BS and VF groups. One of the VF samples was classified as a possible CRF12 or BF recombinant by both methods (Figure 1 ) and it showed 90%-93% association with a B subtype by using the Stanford program. Most of the samples classified as B pure by Genotyping showed a bootscan ≥ 95% in the Stanford program, with the RT region showing a bigger variation than the PR region ( Table 2) . Analysis of these sequences with the RIP program did not confirm the presence of any recombinants using the pure subtype sequences as a reference. Alignment with the BioEdit program showed a sequence identity matrix with values between 90% and 99% for these samples and the subtype B references used (B_K03455, B_AY037268, B_M17449), the range being 93%-99% and 90%-97% in BS and VF samples, respectively, with the VF samples showing a greater genetic distance. Identity of the B subtype with the D subtypes selected (D_K03454, D_M27323) was 92%-94%, and it was 89%-90% with the F1 subtypes used (F1_AF005494, F1_AF077336) .
Phylogenetic tree analysis of samples with a possible correlation to subtype F using the MEGA (Figure 2 ) and PhyML (data not shown) programs demonstrated one sample associated with CRF17 BF and four associated with CRF29 BF, while in the phylogenetic tree samples with a possible correlation to subtype D, there are two samples near CRF05 DF and a clade of nine samples between subtype B and CRF05 DF (Figure 3) .
The baseline viral load levels in both groups for this study as well as the control group were very similar (> 75% with > 10 4 copies/mL). The relationship between baseline viral load of the patients in BS and VF groups and variability of their sequences were analyzed and no significant difference was found (P = 0.5 and 0.3, respectively), but there was a tendency in the VF group to increased genetic variability in patients with a basal viral load of > 10 4 copies/mL (Table 3) . Twelve sequences of these BS correspond to a viral load of > 10 4 copies/mL and only two showed some variability at the beginning. Of the 22 VF samples sequenced in the env region V3 loop, subtype B was found in 21 samples (95%) and 1 (5%) was classified as BG by Genotyping. Fifteen samples were assigned to subtype B with bootstrap support ≥ 95%, and the other samples used showed a bootstrap support < 91% by the REGA program (Table 4) .
DISCUSSION
Costa Rica has been able to provide better support for HIV patients undergoing treatment with a follow-up that showed a level of only 10% VF in the overall population treated. In an earlier study, we showed that all BS from patients who responded well to antiviral treatment had a viral load of < 10 4 copies/mL (12) . In spite of that, we found a high viral variability in the VF patients, with low treatment adherence ( Table 2 ). This variable, together with resistant mutants, was associated with VF in this early study (12) . Variables such as sex, age, place of residence, risk group, occupation, and whether the persons were infected outside of Costa Rica were not found to correlate with HIV-1 intraor intersubtype.
It might be expected that recombinant diversity would be greater in samples from the VF group versus the BS group as the results showed, because the number of drug-resistant strains increases proportionally to residual virus replication, which often reaches high levels after VF and correspondingly exhibits high levels of recombinants. In an earlier study, Taylor-Castillo et al. (12) analyzed mutant genotypes resistant to antiviral treatment using a TruGene System (15) (which identifies 99% of non-subtype B as well as the B subtype) (10, 11), and they reported 78% resistance to nucleoside RT inhibitors, and 50% resistance to both nonnucleoside RT inhibitors and PR inhibitors. In this study, we used the same sequences (32 new) and the reported mutations were checked with the Stanford program (26). These analyses confirmed the previous report of mutation (data not shown) and also demonstrated a higher sequence polymorphism for VF samples; however, it was concluded that the variability found was not related to antiviral resistant mutants because the percentage of possible recombinants in BS, where there are fewer resistant mutants, and VF groups did not show significant differences in spite of the higher percentage of pure subtype B in BS.
A tendency toward increased sequence variability and high viral loads at the time of treatment initiation correlated well with evolutionary viral variation; however, these data are not statistically significant. This trend and a major percentage of variability in VF samples may be associated with other factors such as time of infection before initiation of treatment or time needed to reduce the viral load to undetectable levels or to adherence itself. This observation reinforces the need to implement good prevention policies that should include the availability of screening tests for early detection as well as tests for viral load and CD4 quantification. These tests can serve as important markers for initiation of antiviral treatment in order to provide maximal benefit for patients by using ART to lower VF and avoid overall viral variability (5). According to information from the Ministry of Health and other professionals in Central America (2, 31, 32) , the availability of screening tests is variable, but in general it is low and the markers used as criteria to initiate treatment are not optimal-that is, lower levels of CD4 (≤ 250 cells/mL) and higher levels of viral load (≥ 100 000 copies/ mL). This is despite the demonstrated importance of starting the treatment when CD4 is between 350 and 200 cells/mL in correlation with low viral loads (4, 5) . Although different studies have shown that patients with a sustained viral load of < 50 copies/mL will not develop VF due to resistant mutants, they have not taken into account the effect produced by drug toxicity or other treatment complications or the effect of transient viremia or viral ''blips" because of activation of the immune system by infectious agents in these patients (33) .
Most of the samples in this study were classified as pure subtype B (Tables 2-4) , similar to the situation in Honduras, which has reported 99% of subtype B (34) . However, the high variability shown in Costa Rican samples (90%-99% of identity with genotype B reference strains) probably corresponds to the recombination capacity of HIV due to the high percentage of sexual intercourse without protection (58%) or having more than five sexual partners (49%), higher than has been reported overall in Latin America (25%-35%) (1) .
A region matching CRF12 (BF) in the pol gene (Table 2 ) was found to be the most frequent possible recombinant by Genotyping, while with REGA the most frequent was a possible recombination between B and D subtypes ( Table 2) . Both programs detected a sample that was identified as a possible CRF12 or BF recombinant in the pol region (Figure 1) , and by phylogenetic analysis it was better correlated with CRF17 BF (Figure 2) . Recombination between B and F subtypes had been described earlier in South America (Brazil and Argentina) (22, 23) spectively (21) . Because of variation observed in both programs, an individual analysis was done with the RIP program using the HIV database (27) and no real recombination was found-only 95%-97% of similarity with the B subtype and 92%-95% with the D subtype. In other words, by using the RIP program important variations are noted in the pol sequences, but they do not correspond to true recombination. It is notable that analysis using this program involves only pure subtype sequences. In contrast, the phylogenetic analysis showed a good correlation between one sample with CRF17 and four with CRF29 ( Figure 2 ) as well as a possible correlation with some samples and subtypes B and D. This analysis, however, was not well defined because this type of recombination has not yet been reported and the comparison was done using DF and AD recombinants. Subtypes B and D are the most closely related and this fact could introduce noise into the comparison (Figure 3) .
Less variability was detected in the env region (Table 4) , although more conventional env sequenced-based subtyping analysis of HIV-1 is a good indicator for differentiating subtypes and CRFs. Sequence heterogeneity in this region makes it valuable for phylogenetic differentiation, but it is a relatively poor selection criterion for viral recombination and chimeric virus detection (34) . In that study, the true value of such an analysis is not clear because only a small env fragment was analyzed.
In spite of limitations, such as an inability to obtain some patients' clinical records and not having the possibility of making complete sequences, our study supports the hypothesis that there is a high level of variability and possibly multiple recombinatorial events occurring in Costa Rican patients. It will be important to determine the origin of these variations and whether they are related to polymorphisms or whether they could be novel sequences that provide a selective advantage to the virus.
It is important to consider that while HIV-drug-resistant mutants have been detected in Costa Rica since 2000, other regional countries are still in the initiation process. In Nicaragua (< 0.5% general prevalence (31)) and Honduras (1.5% general prevalence (32)), ART was started only in 2007 because of the high cost of these drugs. Also, in Nicaragua, CD4 level is the only criterion used to enroll patients, while in El Salvador, the number of patients under treatment is low despite the high number of HIVpositive persons (2) . In Central America, there are at least 20 000 persons under treatment. The high-level availability of screening tests in Costa Rica occurs because it is part of the service provided by the Social Security System with more than 95% of the population covered, and screening is also made available for students at the largest state university (Universidad de Costa Rica). The lack of detection and treatment protocols noted above for regional countries could increase viral diversity throughout Central America because it is a small geographic area with active migration among countries (1), and it is further complicated by intermingling of people from Nicaragua and other countries who come to Costa Rica to obtain better medical support.
In conclusion, this study showed a predominance of subtype B in Costa Rican HIV-positive patients and a high variability within HIV sequences with possible recombination between B and F or B and D subtypes; recombination between B and D has not been described (21) . Also, at least one sample was identified as CRF12 or related to CRF17 and four were identified with CRF29 based on sequence analysis of the pol region. These genetic variations are likely caused by a combination of several factors, such as ART nonadherence, a high percentage of sexual intercourse without protection (58%), and having more than five sexual partners. These factors have been described in other studies as well as reports of a lowered adaptive immune response (6, 34) . Intra-and interclade variation within pol sequences is particularly relevant, because this region encodes RT and PR proteins, the target of most HIV antiviral drugs. Variations in these regions therefore may affect drug susceptibility and development of drug resistance (22) .
Similar studies could be done in other countries, where partial sequences are being generated, and then used to obtain more information about HIV variability in this region. It is especially relevant for tracking the role of cross-country immigration in creating new HIV recombinants. The availability of screening tests, an emphasis on good adherence in taking antiviral drugs, and individual country surveillance analysis and safe sex practices need to be promoted throughout Central America in order to decrease increased virus variability and the cost of ART (35, 36) . If the HIV natural history of each country is well documented, a better preventive policy could also be undertaken as part of HIV global spread control. Las otras muestras presentaron variaciones relacionadas principalmente con la forma recombinante en circulación CRF-12 según Genotyping, con la CRF-17 o la CRF-29 según el análisis filogenético, o una nueva posible forma recombinante BD según todos los programas. Con el programa Stanford, todas las muestras variables reflejaron un subtipo B con elevado polimorfismo. La variabilidad de la secuencia env fue menor que la de la región pol. Conclusiones. El subtipo B fue el predominante en los pacientes positivos al VIH en Costa Rica. Existe una alta variabilidad en las secuencias con una posible recombinación entre los subtipos B, y F o D. La forma recombinante BD no se había notificado antes. Esta elevada variabilidad parece ser el resultado de posibles eventos de recombinación, la falta de adhesión al tratamiento antirretrovírico, las relaciones sexuales sin protección y numerosas parejas sexuales. Se deben emprender estudios similares en otros países de la Región, en particular en los lugares con mucha inmigración, para reducir tanto la posibilidad de que el virus varíe como el costo del tratamiento antirretrovírico.
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RESUMEN
Variabilidad de secuencias genómicas parciales del VIH-1 en pacientes costarricenses: análisis con diferentes herramientas bioinformáticas Palabras clave
